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INTRODUCTION 
Designing, testing, or simulating refriger-
ation compressors requires the evaluation 
of the thermodynamic properties of the 
working refrigerant. These properties are 
most commonly obtained from property tables 
or property diagrams such as those publish-
ed in the ASHRAE Handbook of Fundamentals 
(1). However, these two methods are time 
consuming and usually result in a loss of 
accuracy. A simple and accurate method of 
making these calculations is to develop 
equations for the thermodynamic properties 
and use a digital computer. 
This paper presents five digital computer 
subprograms for the calculation of the 
thermodynamic properties of the commonly 
used refrigerants Rl2, R22 and R502. 
These programs can be easily incorporated 
into computer programs where values for 
the thermodynamic properties are required. 
The subprograms presented in this paper 
have been published in the ASHRAE 
Transactions (2). 
The property equations used in the calcu-
lations were supplied by the "Freon" 
Product Laboratory, E.I. du Pont de Nemours 
and Company (3). The development of these 
equations has been presented in numerous 
publications; e.g., see the work of Martin 
(4). The constants in the thermodynamic 
equations, which represent the refrigerants 
under consideration in this paper, have 
been published in References 5, 6 and 7. 
It should be noted that the constants for 
R502 are based on the most recently pub-
lished data (i.e., August 1970). 
The subprograms presented in this paper 
have been successfully used and produce 
consistently accurate results. The calcu-
lated thermodynamic properties for each of 
the three refrigerants agree exactly with 
the published tables in the ASHRAE Handbook 
of Fundamentals-1972. This, of course, 
must be true since these tables were gene-
rated using the same equations as presented 
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in this paper. 
DISCUSSION OF COMPUTER SUBPROGRAMS 
The calculation of the-thermodynamic pro-
perties is divided up into five subpro-
grams for programming flexibility. Each 
subprogram represents a basic building 
block from which future programs can be 
written. All of the programs are written 
in the FORTRAN language and can be used on 
most conventional digital computers. 
The five subprograms are presented in 
Tables II through VI. At the beginning of 
each subprogram the purpose of the program 
is presented followed by a description of 
the input and output parameters. Numerous 
comment cards, which are designated by a 
"C" in column one, are dispersed through-
out each program to indicate the function 
of the following cards. By meaps of these 
comment cards and a basic knowledge of 
FORTRAN, the program listings can be read 
in order to follow the method of calcula-
tion employed in each subprogram. 
The subprograms SPVOL and TSAT are "func-
tion" subprograms whereas the subprograms 
SATPRP, VAPOR and SPHT are "subroutine" 
subprograms. SPVOL was made a function 
subprogram because specific volume and, 
hence, density of vaporous refrigerant as 
a function of pressure and temperature is 
frequently needed in refrigeration calcu-
lations. TSAT was also made a function 
subprogram because the saturation tempera-
ture corresponding to a given pressure is 
frequently desired. Thus, when either 
SPVOL or TSAT is used in the main program 
of a FORTRAN computer program, it is 
treated as a function in the same manner 
as the FORTRAN mathematical functions 
(e.g., SQRT(X) for the square root of X). 
In each of the subprograms a number of 
checks are provided to examine the input 
parameters. If one of the input parame-
ters is in error, an error message will 
appear on the computer output listing. 
For example, in the subprograms SPVOL, 
VAPOR, and SPHT, which are all involved 
with refrigerant in the vapor phase, the 
subprogram TSAT is called in order to 
check the validity of the input pressure 
and temperature combination. 
A guide to proper usage of the five sub-
programs is presented in Table I. The 
required property and its corresponding 
FORTRAN name are listed in this table 
along with the required input properties 
and the necessary subprograms for execu-
tion. 
ACKNOWLEDGEMENT 
2. Kartsounes, G.T. and Erth, R.A. "Com-
puter Calculation of the Thermodynamic 
Properties of Refrigerants 12, 22 and 
502", ASHRAE Transactions, Vol. 77, 
Part II, 19 71. 
3. Bullentins X-88F and X-88Bl, "Freon" 
Products Division, E.I. au Pont de 
Nemours & Company, Wilmington, Del., 
1960. 
4. Martin, J .J., "Correlations and 
Equations Used in Calculating Ther-
modynamic Properties of Freon Refri-
gerants", Thermodynamic and Transport 
Pro~erties of Gases, Liquids, and 
SolLds, ASME, New York, 1959, pg. 110. 
The authors would like to thank ASHRAE for 
granting permission to republish the 
information contained in this paper. The 
tables in this paper were published in the 
ASHRAE Transactions (Reference 2) and ~ere 
presented at the ASHRAE Annual Meeting, 
Washington, D.c., August 1971. 
5. Refrigerating Engineering, 63, 31, 
September, 1955. 
6. Freon Products Bulletin T-22, "Freon" 
Products Division, E.I. duPont de 
Nemours & Company, Wilmington, Del. 
7. Martin, J.J. and Downing, R.C., 
"Thermodynamic Properties of Refri-
gerant 502", ASHRAE Transactions, 
Vol. 76, Part II, 1970. REFERENCES 
1. ASHRAE Handbook of Fundamentals, 
ASHRAE, New York, 1972, Chap. 31. 
Table I 
Guide to Program Usage 
Property RequLred 
- FORTRAN Name 
Saturation temp. - TSAT 
Saturation press. - PSAT 
Spec. vel. sat. liq. - VF 
Spec. val. sat. vap. - VG 
Enth. sat. liq. - HF 
Latent enth. vap. - HFG 
Entropy sat. liq. - SF 
Entropy sat. vap. - SG 
Spec. val. vap. - SVOL 
Spec. val. vap. - VVAP 
Enth. vap. - HVAP 
Entropy vap. - SVAP 
.Spec. ht. canst. vel. - cv 
Spec. ht. canst. press. - CP 
Spec. ht. ratio - GAMMA 











NR, TF, PPSIA 
NR, TF, PPSIA 
NR, TF, PPSIA 
NR, TF, PPSIA 
NR, TF, PPSIA 
NR, TF, PPSIA 
NR, TF, PPSIA 





refrLgerant number (12, 22 or 502) 
temperature (DF) 
= pressure (psia) 





SATPRP, SPVOL, TSAT 
SATPRP, SPVOL, TSAT 
SATPRP, SPVOL, TSAT 
SATPRP, SPVOL, TSAT 
SATPRP, SPVOL, TSAT 
SATPRP, SPVOL, TSAT 
SATPRP, SPVOL, TSAT 
SPVOL, TSAT 
VAPOR, SPVOL, TSAT 
VAPOR, SPVOL, TSAT 
VAPOR, SPVOL, TSAT 
SPHT, SPVOL, TSAT 
SPHT, SPVOL, TSAT 
SPHT, SPVOL, TSAT 
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